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SPECIFICATION 

TITLE OF THE INVENTION 

[0001] MANUFACTURING METHOD OF SCANNING OPTICAL SYSTEM 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a method for 

manufacturing a scanning optical system which scans a laser beam 
emitted f roma light sourceby reflecting thebeamwith reflecting 
surfaces of a polygon mirror revolving in a fixed direction and 
converging the reflected beam on a surface to be scanned 

(hereinafter, referred to as a target surface) by an imaging 
optical system. 

[0003] Scanning optical systems are widely used in 
electrophotographic laser beam printers , digital photocopiers , 
laser faxmachines , laser plotters , andother similar apparatuses 
for scanning the surface of a photosensitive body (e.g., a 
photoconductive drum) to scan the target surf ace wi th a modulated 
beam. 

[0004] Specifically, the scanning optical system 

dynamically deflects the modulated laser beam, which is ON-OFF 
modulated according to image information, using the polygon 
mirror and converges the dynamically deflected laser beam into 
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a beam spot on the target surface by use of an imaging optical 
system. With the mechanism, the scanning optical system scans 
the beam spot on the target surface in a main scanning direction 
at a constant speed. At the same time, the target surface is 
moved in an auxiliary scanning direction which is perpendicular 
to the main scanning direction and thereby a two-dimensional 
image composed of a plurality of dots is formed on the target 
surface . 

[0005] Incidentally, in the design of scanning optical 
systems, how to remove "ghosts" caused by unwanted reflection 
on surfaces of optical elements of the system is an important 
matter. Such unwanted reflection can occur, for example, on 
each surface of each lens forming the aforementioned imaging 
optical system. Reflected light {ghost light) caused by 
reflection of part of the laser beam incident upon a lens surface 
returns in a particular direction that is determined depending 
on the direction of the laser beam axis and the incident angle 
of the laser beam relative to the lens surface . If a reflecting 
surface of the polygon mirror exists in the returning direction 
of the ghost light, the ghost light is reflected again by the 
reflecting surface . 

[0006] If the ghost light from the lens surface is incident 
upon a reflecting surface of the polygon mirror that is 
reflecting/deflecting an incident laser beam from the light 
source, the ghost light is directed in a direction almost opposite 
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to the propagating direction of the incident laser beam, by which 
the ghost light does not reenter the imaging optical system. 
[0007] On the other hand, if the ghost light is incident upon 
a reflecting surface of the polygon mirror that is adjacent to 
the reflecting surface reflecting/deflecting the incident laser 
beam from the light source, there is a possibility that the ghost 
light reflected by the adjacent reflecting surface reenters the 
imaging optical system and partially reaches the photosensitive 
body (e.g. , photoconduc tive drum) . In such a case, unevenness 
exposure is caused by the ghost light, which deteriorates the 
total imaging forming performance of the scanning optical system. 
[0008] It is possible to remove such ghosts if the 
reflectivity can be reduced to 0 at all surfaces of the lenses 
of the imaging optical system. However, reducing the 
reflectivity closer to 0 requires a larger number of layers for 
an anti-reflection coating and it drives up the manufacturing 
costs. Further, in cases of plastic lenses which are recently 
used for reducing manufacturing costs and for realizing 
aspherical lens surfaces, adhesion of the anti - reflection 
coating to the plastic lenses tends to be weaker than that to 
glass lenses. Therefore, it is undesirable to provide the 
anti - reflection coating to all lens surfaces of the imaging 
optical system. 
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SUMMARY OF THE INVENTION 

[0009] The present invention is advantageous in that an 
improved manufacturing method of a scanning optical system is 
provided. According to the method, the reduction of the ghosts 
(caused by the reflection on lens surfaces of the imaging optical 
system) can be reduced at a low cost. 

[0010] According to a first aspect of the present invention, 
there is provided a manufacturing method of a scanning optical 
system including a light source for emitting a laser beam, a 
polygon mirror for scanning the laser beam in a main scanning 
direction by reflecting the laser beam with reflecting surfaces 
formed on its lateral faces while revolving around its central 
axis in a fixed direction, and an imaging optical system including 
a plurality of lens surfaces for converging the laser beam 
reflected and scanned by the polygon mirror on a target surface, 
the method has the steps of determining whether a following 
condition (1) is satisfied: 

H/2 > |2pD(D - RzJ/RZil •••• (1) 

where, "H" denotes a width of each reflecting surface of 
the polygon mirror in an auxiliary scanning direction 
perpendicular to the main scanning direction, "(3" denotes an 
incident angle [radian] of the laser beam on the reflecting 
surface of the polygon mirror in the auxiliary scanning direction, 
"D" denotes a distance between the reflecting surface of the 
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polygon mirror and the first lens surface (the first lens surface 
being a reference surface and the distance measured along a 
direction from the first lens surface to the reflecting surface 
of the polygon mirror being represented by a negative value <D<0) ) , 
and "RZi" denotes a radius of curvature of the first lens surface 
in the auxiliary scanning direction, and forming ant i - reflection 
coating on a first lens surface existing at the front end of 
the imaging optical system only when the condition is satisfied. 
[0011] When the condition (1) is satisfied, if part of the 
laser beamref lectedby a reflecting surfaceof thepolygonmirror 
and incident on the imaging optical system is reflected by the 
first lens surface, ghost light caused by the reflection reaches 
one of the reflecting surfaces of the polygon mirror and is 
reflected by the reflecting surface. In this case, there is 
a high possibility that the ghost light reflected by the 
reflecting surface reenters the imaging optical system and 
exposes the scan target surface through the imaging optical 
system, therefore, the anti-reflection coating is provided to 
the first lens surface, by which the occurrence of the ghost 
caused by the reflection on the first lens surface can be prevented . 
On the other hand, when the condition (1) is not satisfied, the 
ghost light caused by the reflection on the first lens surface 
passes above or below the polygon mirror and there is no 
possibility of exposure of the scan target surface. Therefore, 
the anti -reflection coating on the first lens surface is omitted 
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in this case, by which manufacturing costs of the scanning optical 
system can be reduced. 

[0012] By providing the anti -reflection coating to the first 
lens surface when the following condition (2) , in addition to 
the condition (1) , is satisfied, useless and wasteful 
anti-reflection coating can be avoided more effectively and the 
manufacturing costs can be reduced further. The condition (2) 
is as follows: 

|W| < f [ (4tt/P) +a+ (2a(Ry x -D) /Ry x ) ] (2) 

where |a| < w/f , "W" denotes a maximum image height in a scanning 
range on the scan target surface , " f " denotes a total focal length 
of the imaging optical system, "P" denotes the number of the 
reflecting surfaces of the polygon mirror, "a" denotes an angle 
[radian] of the laser beam incident on the polygon mirror relative 
to an optical axis of the imaging optical system measured in 
the main scanning direction, "a" denotes a swing angle of the 
laser beam reflected by the polygon mirror relative to the optical 
axis of the imaging optical system measured in the main scanning 
direction [radian] , and "Ryi u denotes a curvature radius of the 
first lens surface in the main scanning direction, 
[0013] When the condition (2) is satisfied, ghost light from 
the first lens surface is reflected by an "adjacent reflecting 
surface" of the polygon mirror (reflecting surface adjacent to 
a reflecting surface that reflected the laser beam from the light 
source) , reenters and passes through the imaging optical system, 
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and exposes a scanning range on the scan target surface. On 
the other hand, when the condition (2) is not satisfied, the 
ghost light reaches a reflecting surface other than the adjacent 
reflecting surface, or even if the ghost light is reflected by 
the adjacent reflecting surface, the ghost light is incident 
on an area of the scan target surface outside the scanning range . 
Therefore, by providing the anti -reflection coating to the first 
lens surface only when the condition (2) is satisfied, the 
provision of the anti - reflection coating can be minimized while 
securely preventing the ghost light which causes ghosts in 
printouts . 

[0014] A manufacturing method of a scanning optical system 
in accordance with a second aspect of the present invention 
considers a second lens surface of the imaging optical system 
existing next to the first lens surface at the front end of the 
imaging optical system, in which the anti - ref lec tion coating 
is provided to the second lens surface only when the following 
condition (3) is satisfied: 

H/2 > | (3d (D-Lz) /Lz I (3) 

where Lz = RzjRzaD/ (2NRz x D-2 (N-l) Rz 2 D-Rz 1 Rz 2 ) , U H" denotes a width 
of each reflecting surface of the polygon mirror in a auxiliary 
scanning direction perpendicular to the main scanning direction, 
M P" denotes an incident angle of the laser beam on the reflecting 
surface of the polygon mirror in the auxiliary scanning direction 
[radian] , "D" denotes a distance between the reflecting surface 
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of the polygon mirror and the first lens surface (the first lens 
surface, which is closest to the polygon mirror , being a reference 
surface and the distance measured along a direction from the 
first lens surface to the reflecting surface of the polygon mirror 
being represented by a negative value (D<0)) , "Rzi" denotes a 
curvature radius of the first lens surface in the auxiliary 
scanning direction, "RZ2" denotes a curvature radius of the second 
lens surface in the auxiliary scanning direction, and " N 11 denotes 
a refractive index of a medium between the first lens surface 
and the second lens surface for the laser beam, 
[0015] When the condition (3) is satisfied, if part of the 
laser beam reflected by a reflecting surface of the polygon mirror 
and incident on the imaging optical system is reflected by the 
second lens surface, ghost light caused by the reflection reaches 
one of the reflecting surfaces of the polygon mirror and is 
reflected by the reflecting surface. In this case, there is 
a high possibility that the ghost light reflected by the 
reflecting surface reenters the imaging optical system and 
exposes the scan target surface through the imaging optical 
system, therefore, the anti - reflection coating is provided to 
the second lens surface, by which the occurrence of the ghost 
caused by the reflection on the second lens surface can be 
prevented. On the other hand, when the condition (3) is not 
satis fied, the ghost light caused by the reflection on the second 
lens surface passes above or below the polygon mirror and there 
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is no possibility of exposure of the scan target surface. 
Therefore , the ant i - reflection coating on the second lens surface 
is omitted in this case, by which manufacturing costs of the 
scanning optical system can be reduced. 

[0016] By providing the anti- reflection coating to the second 
lens surface only when the following condition (4) , in addition 
to the condition (3), is satisfied, useless and wasteful 
anti-reflection coating can be avoided more effectively and the 
manufacturing costs can be reduced further: 

I W J < f [ (47T/P) +a+ (a(Ly-D) /hy) ) (4) 

where |a| < W/f, Ly » RyiRy 2 D/ (2NRyiD-2 (N-l) Ry 2 D-Ry!Ry2) , "W" 
denotes a maximum image height in a scanning range on the scan 
target surface, "f " denotes a total focal length of the imaging 
optical system, "P" denotes the number of the reflecting surfaces 
of the polygon mirror, "a" denotes an angle of the laser beam 
incident on the polygon mirror relative to an optical axis of 
the imaging optical system measured in the main scanning 
direction [radian] , "a" denotes a swing angle of the laser beam 
reflected by the polygon mirror relative to the optical axis 
of the imaging optical system measured in the main scanning 
direction [radian] , "Ry^ 1 denotes a curvature radius of the first 
lens surface in the main scanning direction, and "Ry2" denotes 
a curvature radius of the second lens surface in the main scanning 
direction. When the condition (4) is satisfied, ghost light 
from the second lens surface is reflected by an "adjacent 
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reflecting surface" of the polygon mirror (reflecting surface 
adjacent to a reflecting surface that reflected the laser beam 
from the light source) , reenters and passes through the imaging 
optical system, and exposes the scanning range on the scan target 
surface. On the other hand, when the condition (4) is not 
satisfied, the ghost light reaches a reflecting surface other 
than the adjacent reflecting surface, or even if the ghost light 
is reflected by the adj acent reflecting surface, the ghost light 
is incident on an area of the scan target surface outside the 
scanning range. Therefore, by providing the anti - reflection 
coating to the second lens surface only when the condition (4) 
is satisfied, the provision of the anti-reflection coating can 
be minimized while securely preventing the ghost light which 
causes ghosts in printouts. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

[0017] Fig. 1 is a cross-sectional view showing the basic 

composition of a scanning optical system which is manufactured 
by a manufacturing method in accordance with an embodiment of 
the invention; 

[0018] Fig. 2 is an optical block diagram of a scanning optical 

systembuil t up for color printing (excluding a laser light source 
and a cylindrical lens) seen along a main scanning direction; 

[0019] Fig. 3 shows a scanning optical system of an example 
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1 viewed along a auxiliary scanning direction; 

[0020] Fig . 4 shows the scanning optical system of the example 

1 viewed along a main scanning direction; 

[0021] Fig. 5 shows a scanning optical system of a comparative 

example 1 viewed along the auxiliary scanning direction; 
[0022] Fig. 6 shows the scanning optical system of the 

comparative example 1 viewed along the main scanning direction; 
[0023] Fig. 7 shows a scanning optical system of an example 

2 viewed along the auxiliary scanning direction; 

[0024] Fig. 8 shows the scanning optical system of the example 

2 viewed along the main scanning direction; 

[0025] Fig . 9 shows a scanning optical systemof a comparative 

example 2 viewed along the auxiliary scanning direction; and 
[0026] Fig. 10 shows the scanning optical system of the 

comparative example 2 viewed along the main scanning direction. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] Referring now to the drawings, a description will be 

given in detail of preferred embodiments in accordance with the 
present invention . 

[0028] Fig. 1 is a cross- sec tional view showing a basic 

composition of a scanning optical system which is manufactured 
following a manufacturing method in accordance with the present 
invention. The scanning optical system 10 of Fig. 1 includes 
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a laser light source 11 for emitting a laser beam, a cylindrical 
lens 12 for converging the laser beam from the laser light source 
11, a polygon mirror 13 in the shape of a regular polygonal prism 
having lateral faces which are formed as reflecting surfaces 
for reflecting the laser beam, and an f0 lens 20 as an imaging 
optical system for converging the laser beam reflected and 
deflected by the polygon mirror 13 . For easy understanding of 
the following description, a direction parallel to a plane 
perpendicular to the central axis 13a of the polygon mirror 13 
and up-down direction in Fig. 1 is defined as a "main scanning 
direction", and a direction parallel to the central axis 13a 
and is perpendicular to the main scanning direction is defined 
as an "auxiliary scanning direction" . 

[0029] The laser beam emitted from the laser light source 

11 and collimated by an unshown collimator lens (placed between 
the laser light source 11 and the cylindrical lens 12) passes 
through the cylindrical lens 12 and is incident on a reflecting 
surface of the polygon mirror 13. Since the polygon mirror 13 
rotates around its central axis 13a, the laser beam reflected 
by the reflecting surface is dynamically deflected (scanned) 
in the main scanning direction . The dynamically deflected laser 
beam passing through the f0 lens 20 is thereby converged on the 
target surface S to form a beam spot on the target surface S, 
which beam spot scans in the main scanning direction at a 
substantially constant speed. 
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[0030] Incidentally, with regard to the main scanning 

direction, the laser beam from the laser light source 11 is 
reflected by a reflecting surface of the polygon mirror 13 
maintaining its parallelism and is converged by the f0 lens 20 
on the target surface S . Meanwhile, with regard to the auxiliary 
scanning direction, the laser beam is once converged by the 
cylindrical lens 12 in the vicinity of a reflecting surface of 
the polygon mirror 13 , enters the f 0 lens 20 as a diverging beam, 
and is converged again by the f 6 lens 20 on the scan target surface 
S. Since each reflecting surface of the polygon mirror 13 and 
the target surface S are set almost conjugate with each other 
with respect to the f 0 lens 20 with regard to the auxiliary scanning 
direction as above, the laser beam, reflected by any one of the 
reflecting surfaces of the polygon mirror 13, is always scanned 
on the same line on the target surface S regardless of the 
presence/absence of a facet error of each reflecting surface. 
[0031] The f0 lens 20 is composed of a scanning lens 21 and 

a field curvature correction lens 22 for correcting curvature 
of field which is placed between the scanning lens 21 and the 
target surface S. The scanning lens 21 is a lens having power 
for converging the laser beam primarily in the main scanning 
direction. The field curvature correction lens 22 is a lens 
having power for converging the laser beam primarily in the 
auxiliary scanning direction, also having a function for 
correcting aberrations (e.g., curvature of field and f0 
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characteristic errors) . The optical axes of the lenses 21 and 
22 forming the f0 lens 20 coincides with each other at least 
in the main scanning direction . The optical axis of the scanning 
lens 21 overlaps, in the main scanning direction, with the axis 
of a laser beam traveling to a central image height level (image 
height - 0) of the main scanning, and in the auxiliary scanning 
direction, intersects perpendicularly with the central axis 13a 
of the polygon mirror 13 at its midpoint (i.e., at the center 
of the thickness of the polygon mirror 13) . The position of 
the center of each reflecting surface (in a longitudinal 
direction of each surface) when the laser beam is incident upon 
the center (that is, the mean position of laser beam reflecting 
points) can be regarded as the center of the dynamic laser beam 
deflection by the polygon mirror 13, therefore, the position 
will be referred to as a "deflection point" . 

[0032] Incidentally, there are cases where a surface of a 

lens 21 or 22 isnota rotationally symmetrical aspherical surface, 
and an "optical axis" in its original meaning can not be defined 
for such a lens surface. Therefore, the term "optical axis" 
will hereafter be used in the meaning of an axis (optical surface 
reference axis) passing through an "origin" that is set when 
the shape of the lens surface is described in a mathematical 
expression . 

[0033] Further, a plane that contains the optical axis of 

the scanning lens 21 and that is parallel to the central axis 
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13a of the polygon mirror 13 is defined as an "auxiliary scanning 
cross section", and a plane that contains the optical axis of 
the scanning lens 21 and that is perpendicular to the central 
axis 13a is defined as a "main scanning cross section" . 
[0034] The target surface S is, in the embodiments, a 

photosensitive surface (outer surface) of a rotating 
pho toconductive drum. The rotating photoconduc tive drum 
revolves around its rotation axis, which is parallel to the main 
scanning direction and perpendicular to the optical axis of the 
f8 lens 20. 

[0035] Among the components of the scanning optical system 

10, those other than the cylindrical lens 12, the polygon mirror 
13 and the scanning lens 21 (that is, the laser light source 

11, the field curvature correction lens 22 and the target surface 
S) are provided corresponding to each toner color (yellow, 
magenta, cyan, black) for color printing . By such composition, 
simultaneous drawing by the laser beams on four photosensitive 
surfaces (target surfaces S) of the four rotating drums (for 
yellow, magenta, cyan and black) becomes possible, and toner 
images for the four color components (yellow, magenta, cyan, 
black) are formedon the photosensitive surf aces ( target surf aces 
S) of the rotating drums, respectively. The toner images of 
four color components are successively transferred to a sheet 
of printing paper and thereby a color image is printed on the 
paper . 
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[0036] Fig. 2 is a diagram of a scanning optical system built 

up for the color printing (excluding the laser light source 11 
and the cylindrical lens 12) seen in a direction perpendicular 
to the auxiliary scanning cross section (along the main scanning 
direction) . The laser beams corresponding to the four color 
components are incident upon the same deflection point on a 
reflecting surface of the polygon mirror 13 from directions that 
are slightly tilted in the auxiliary scanning direction such 
that the four incident beams are symmetrical with respect to 
the main scanning cross section PI. Consequently, as shown in 
Fig . 2 , the four laser beams reflected by the reflecting surface 
of the polygon mirror 13 proceed in different directions relative 
to the main scanning cross section PI, pass through the common 
scanning lens 21 , are respectively reflected by different pairs 
of mirrors 23 and 24, pass through different field curvature 
correction lenses 22, and travel into separate photosensitive 
drums 6 0 corresponding to the four color components . Therefore, 
one main scanning for the four photosensitive drums 60 can be 
conducted simultaneously by one deflection by one reflecting 
surface of the polygon mirror 13 . 

[0037] The optical paths of the four laser beams after being 

deflected by the polygon mirror 13 are folded and bent by use 
of the mirrors 23 and 24 as shown in Fig. 2 in order to minimize 
the unit size of the scanning optical system 10. In this case, 
since the wavelengths of the four laser beams passing through 
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the four f0 lenses 20 are the same, the mirrors 23 and 24 for 
the four colors are placed at proper positions so that optical 
path lengths from the scanning lens 21 to the. image surface 
curvature correction lenses 22 for the four colors will be the 

same and the f6 lenses 20 for the four colors will provide the 
same optical characteristics. 

[0038] The photosensitive drums 60, formed to have the same 

cylindrical outer shape of the same size, are placed on the light 
emitting sides of the field curvature correction lenses 22 at 
the same distance from the lenses 22. 

[0039] In an imaging apparatus (e.g., color laser printer 

and color copier) equipped with a scanning optical system 10 
composed as above, each photoconduc tive drum 6 0 corresponding 
to each color component is rotated at a constant angular velocity 
while each laser beam which has been on-of f modulated according 
to input image information for each color component is 
repetitively scanned on the outer surface (photosensitive 
surface: the target surface) of each photoconduc tive drum 60, 
by which a two-dimensional electrostatic latent image composed 
of a plurality of traces (scanning lines) is drawn on each scan 
target surface S (photosensitive drum 60) . Subsequently, a 
toner image is formed on each photosensitive drum 60 by adding 
a charged toner electrostatically adhering to the latent image, 
and the toner images on the drums 60 are transferred to a sheet 
of printingpaper. In color laser printers , color copiers, etc., 
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the printing paper is fed through the photosensitive drums 60 
so that corresponding scanning lines on the four drums 60 will 
form exactly the same line on the printing paper, by which a 
color image according to the image information is printed on 
the printing paper. 

[0040] [EMBODIMENT 1] 

[0041] In the following, a manufacturing method of the 

scanning optical system 10 in accordance with a first embodiment 
of the present invention will be described in detail. In the 
first embodiment, there will be explained a method for 
determining whether or not a first surface of the scanning lens 

2 1 forming the f 0 lens 2 0 should be provided wi th anti - reflection 
coating. 

[0042] In the scanning optical system 10 described above, 

the laser beam is incident on a reflecting surface of the polygon 
mirror 13 from a direction that is slightly tilted in the auxiliary 
scanning direction (that is, with a certain incident angle in 
the auxiliary scanning direction) , therefore, ghost light 
generated by the reflection by the first surface of the scanning 
lens 21 (hereafter, simply referred to as "ghost light reflected 
by the first surface of the scanning lens 21") passes above the 
polygon mirror 13 (on the opposite side of the polygon mirror 
13 to the laser light source 11 and the cylindrical lens 12 in 
the auxiliary scanning direction) or below the polygon mirror 



18 



03- 8-19; 9 : 0 0 PM ; MAT S UO KA & Co. 



Greenoium&Bernstei ; 0423726B58 



# 2 1/ 6 2 



13 (on the same side of the polygon mirror 13 as the laser light 
source 11 and the cylindrical lens 12 in the auxiliary scanning 
direction) depending on the power of the sectional form of the 
scanning lens 21 in the auxiliary scanning cross section 
(specifically, the shape of the first surface of the scanning 
lens 21) and the distance D between the scanning lens 21 and 
the reflecting surface of the polygon mirror 13, by which the 
ghost light does not reenter the scanning lens 21 . In such cases , 
the anti - reflection coating is not necessary to the lens surface 
(first surface of the scanning lens 21) . 

[0043] However, when the laser beam's incident angle (3 on 

the reflecting surface in the auxiliary scanning direction is 
large, it becomes difficult to balance the Bow (curvature of 
scanning lines) and wavefront aberration in the design of the 
system. On the other hand, if the incident angle P is reduced 
to avoid the problem, the ghost light reflected by the first 
surface of the scanning lens 21 might be incident on a reflecting 
surface of the polygon mirror 13 . 

[0044] Even in such cases, depending on the power of the 

sectional form of the scanning lens 21 in the main scanning cross 
section (the shape of the first surface of the scanning lens 
21) , the ghost light reflected by the first surface of the scanning 
lens 21 will be incident on a "regular beam reflecting surface" 
(reflecting surface of the polygon mirror 13 that is reflecting 
the "regular beam" ( laser beam emitted from the laser light source 
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11 and incident on the reflecting surface via the cylindrical 
lens 12)) or will be on an "adjacent reflecting surface" 
(reflecting surface adjacent to the regular beam reflecting 
surface) with a large incident angle. In the case where the 
ghost light is incident on the regular beam reflecting surface, 
the ghost problem does not arise as mentioned before. In the 
case where the ghost light is incident on the adjacent reflecting 
surface with a large incident angle, even if the ghost light 
reflected by the adjacent reflecting surface reenters the f0 
lens 20, the ghost light passing through the f6 lens 20 only 
exposes an area on the target surface S outside a "scanning range" 
(where the electrostatic latent image to be developed is formed) . 
Therefore, also in these cases, the anti - reflection coating is 
not necessary to the lens surface (first surface of the scanning 
lens 21) . 

[0045] If the ghost light is incident on the adjacent 

reflecting surface with a small incident angle in the main 
scanning direction, the ghost light reentering the f6 lens 20 
can expose the scanning range of the scan target surface S. 
Therefore, in this case, the anti - reflect ion coating becomes 
necessary to the lens surface (first surface of the scanning 
lens 21) . 

[0046] As explained above, the number of lens surfaces 
provided with the anti -reflection coating in the f0 lens 20 can 
be reduced while eliminating the image deterioration caused by 
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the ghost light, by providing the ant i - reflection coating to 
the lens surface under consideration (first surface of the 
scanning lens 21) only in the case where the ghost light caused 
by the reflection of the laser beam on the lens surface will 
be incident on the adjacent reflecting surface of the polygon 
mirror 13 with a small incident angle in the main scanning 
direction and will be incident on the scanning range of the target 
surface S via the f0 lens 20. 

[0047] Therefore, in the first embodiment, the following 

first condition (1) regarding the auxiliary scanning direction 
by which the anti-reflection coating becomes necessary to the 
first surface (that is, a condition by which the ghost light 
from the first surface reaches a reflecting surface of the polygon 
mirror 13 with regard to the auxiliary scanning direction) and 
the following second condition (2) regarding the main scanning 
direction by which the anti - reflection coating becomes necessary 
to the first surface (that is, a condition by which the ghost 
light from the first surface is reflected by the adjacent 
reflecting surface of the polygon mirror 13 and reaches the 
scanning range on the scan target surface S with regard to the 
main scanning direction) are considered, and the first surface 
of the scanning lens 21 is designated as the object of the 
anti-reflection coating only when the two conditions (1) and 
(2) are satisfied. 

H/2 > |2PD(D-R 2l )/R Zl | (1) 
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I W I < f [ (47T/P) +a+(2a(Ry!-D) /Ryi)] (2) 

where | a | £ W/f . 

In the condition (1) , "H" denotes the width of each reflecting 
surface of the polygon mirror 13 in the auxiliary scanning cross 
section, "P" denotes the incident angle [radian] of the laser 
beam on the reflecting surface of the polygon mirror 13 in the 
auxiliary scanning direction, "D" denotes the distance between 
the reflecting surface of the polygon mirror 13 and the first 
surface of the scanning lens 21 on its optical axis when the 
laser beam is incident on the deflect ion point , and ,, Rz 1 M denotes 
the curvature radius of the first surface of the scanning lens 
21 in the auxiliary scanning cross section. In the condition 
(2) , "W" denotes the maximum image height in the scanning range 
on the scan target surface S (1/2 of a scan width) , "f" denotes 
the total focal length of the f0 lens 20, M P" denotes the number 
of reflecting surfaces of the polygon mirror 13, "a" denotes 
the direction angle [radian] of the laser beam incident on the 
polygon mirror 13 measured in the main scanning direction 
("deflection angle" relative to the optical axis of the f8 lens 
20 , having a polarity " - " in the clockwise direction) , "a" denotes 
the swing angle [radian] of the laser beam reflected by the polygon 
mirror 13 measured in the main scanning direction ("scan angle" 
relative to the optical axis of the f0 lens 20, having a polarity 
" + " in the counterclockwise direction and a polarity "-" in the 
clockwise direction) , and "Ry^' denotes the curvature radius 
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of the first surface of the scanning lens 21 in the main scanning 
cross section. 

[0048] In the following, an example (example 1) of the 

scanning optical system 10 according to the first embodiment 
of the present invention, satisfying the above conditions (1) 
and (2) , will be described. 

[0049] [Example 1] 

[0050] Fig. 3 is a developed view of the scanning optical 

system 10 of an example 1 viewed along the auxiliary scanning 
direction and Fig. 4 is a developed view of the scanning optical 
system 10 viewed along the main scanning direction. Note that, 
in Figs . 3 and 4 , the regular beam that passes through the scanning 
lens 21 is not shown, and the laser light source 11 and the 
cylindrical lens 12 are omitted in Fig. 4 for brevity. 
[0051] In the example 1, the total focal length f of the f0 

lens 20 is 235 mm, the scan width on the target surface S is 
216 mm, the design wavelength is 78 0 mm, the polygon width H 
(the width of the deflection surface of the polygon mirror 13 
in the auxiliary scanning direction) is 3.0 mm, the deflection 
angle a is -75.0° (= -1.3090 rad) , and the incident angle P of 
the laser beam on the reflecting surface of the polygon mirror 
13 in the auxiliary scanning direction is 0.95° (= 0.0166 rad) . 
[0052] TABLE 1 shows numerical data of surfaces existing on 

the optical path from the cylindrical lens 12 to the target surface 
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S in the example 1. The numerical data shown in TABLE 1 refers 
to data in a paraxial condition with respect to the optical axis 
of the scanning lens 21 at the point when the laser beam which 
passed through the cylindrical lens 12 is reflected by a 
reflecting surface of the polygon mirror 13 at the deflection 
point. Since the optical axis of the field curvature correction 
lens 22 is shifted from the optical axis of the scanning lens 
21 in the auxiliary scanning direction, the numerical data of 
the surfaces of the field curvature correction lens 22 refers 
to data of a paraxial condition with respect to the optical axis 
of the field curvature correction lens 22. 



[0053] TABLE 1 



No 


Ry 


Rz 


d 


N(780nm) 


DECZ 


Name 


1 


oo 


+51 .08 


4 . 00 


1 . 51072 


0 .00 


Cylindrical lens 


2 


oo 




97 . 00 








3 


oo 




54 .00 




0.00 


Polygon mirror 


4 


-184 .70 




10 . 00 


1.48617 


0 . 00 


1st Surface of 
Scanning Lens 


5 


-70 . 53 


-100 . 00 


140 . 00 






2nd Surface of 
Scanning Lens 


6 


-817 . 63 




6 . 00 


1 .48617 


3 . 00 


1st Surface of Field 
Curvature 
Correction Lens 


7 


-1800 .00 




91.20 






2nd Surface of Field 
Curvature 
Correction Lens 


8 


oo 








0.00 


Image Plane 



[0054] In TABLE 1 , the column 11 No M indicates surface numbers , 

in which No . 1 and No . 2 denote front and rear surfaces of the 
cylindrical lens 12, No . 3 denotes a reflecting surface of the 
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polygon mirror 13, No . 4 and No . 5 denote first and second surfaces 
of the scanning lens 21, No . 6 and No . 7 denote first and second 
surfaces of the field curvature correction lens 22, and No . 8 
denotes the scan target surface S. The symbol "Ry n denotes the 
radius of curvature [mm] in the main scanning direction, which 
takes on negative values when the center of curvature exists 
on the light source side of an intersection point of the lens 
surface and the optical axis and takes on positive values when 
the center of curvature exists behind the intersection point. 
The symbol "Rz 11 denotes the radius [mm] of curvature in the 
auxiliary scanning direction, which also takes on nega tive values 
when the center of curvature exists on the light source side 
of the intersection point of the lens surface and the optical 
axis and positive values when the center of curvature exists 
behind the intersection point. In cases where Rz = Ry 
(rotationally symmetrical surface), Rz is omitted in Table 1. 
The symbol d denotes the distance [mm] between the surface 
and the next surface measured on the optical axis (beam axis) 
and "N" denotes the refractive index of a medium between the 
surface and the next surface with regard to the design wavelength 
(the index for air being omitted) . The symbol "DECZ" denotes 
a shift amount [mm] of the optical axis of the surface relative 
to the optical axis of the anterior surface measured in the 
auxiliary scanning direction, which takes on positive values 
when the optical axis shifts upward in Fig. 4. 
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[0055] As seen in TABLE 1, the cylindrical lens 12 has a 

cylindrical front surface and a planar rear surface. The first 
surface of the scanning lens 21 and the second surface of the 
field curvature correction lens 22 are rotationally symmetrical . 
[0056] The second surface of the scanning lens 21 is an 

anamorphic aspherical surface (aspherical surface whose 
curvatures in the main scanning cross section and auxiliary 
scanning cross section are independently defined such that the 
curvature in the main scanning cross section is defined by a 
function of a distance from the optical axis in the main scanning 
direction and the radius in the auxiliary scanning direction 
is defined by another function of a distance from the optical 
axis in the main scanning direction) . Therefore, the shape of 
the surface in the main scanning cross section is expressed by 
the following equation (5) as a SAG amount X (y) of a point (having 
a height y (i.e., the distance in the main scanning direction) 
from the optical axis) from a tangential plane contacting the 
surface on the optical axis, and the shape of the surface in 
the auxiliary scanning direction at eachheight y canbe expressed 
by the following equation (6) as an arc curvature 1/ [Rz (y) ] . 
X(y) = 1/Ryy 2 / [1+ [1- (K+i) y 2 /Ry 2 ] 1/2 ] 

+ AMiy+AM 2 y 2 + AM 3 y 3 + AM 4 y 4 + AMsy 5 + AMgy 6 +AM7y 7 + AM Q y 8 - - • • (5) 
1/ [Rz (y) ] = 1/Rz 

+ AS!y+AS 2 y 2 +AS3y 3 +AS 4 y 4 -»-AS5y 5 + AS 6 y 6 +AS7y 7 + AS 8 y 8 • • • • (6) 
In the equations (5) and (6) , 11 Ry" and "Rz" denote the paraxial 
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radii of curvatures in the main and auxiliary scanning directions 
which have been shown in TABLE 1, m k" denotes a conical constant, 
"AMi", "AM 2 ", " AM3 11 , 11 AM 4 H , " AM5 " , " AMg " , " AM 7 " , "AM 8 ",--- denote 
aspherical coefficients of each order with regard to the main 
scanning direction, and "AS x", "AS 2 " , "AS 3 ", 11 AS 4 H , "AS5" , "AS 6 ", 
"AS7", "ASg", • ■ • denote aspherical coefficients of each order 
with regard to the auxiliary scanning direction. The 
coefficients of the equations (5) and (6) specifying the 
particular shape of the second surface of the scanning lens 21 
of the example 1 will be shown in the following TABLE 2. 



[0057] TABLE 2 



K 


0 . 00E+00 


AMi 


0 . 00E+00 


ASi 


8 . 16E-06 


AM 2 


0 . 00E+00 


AS 2 


5 . 73E-07 


AM 3 


0 . 00E+00 


AS 3 


-1 . 80E-08 


AM 4 


1 . 24E- 07 


AS 4 


-7 . 26E-09 


AM 5 


0 . 0OE+00 


AS 5 


5 . 25E-11 


AM 6 


- 9 . 74E-12 


AS 6 


1 . 02E-11 


AM 7 


0 . OOE+0 0 


AS 7 


-3 . 63E-14 


AM 8 


6 . 78E-15 


AS 8 


-5 . 24E-15 



[0058] The first surface of the image surface curvature 

correction lens 22 is a quadratic polynomial aspherical surface 

(aspherical surface expressed by polynomial expressions 
regarding heights in themain and auxiliary scanning directions) , 
therefore, the shape of the surface can be expressed by the 
following equation (7) as a SAG amount X (y, z ) of a point (having 
heights y and 2 in the main and auxiliary scanning directions 
from the optical axis) from a tangential plane contacting the 



27 



03- 8-19; 9 : 0 0 PIV* ; MAT S LfO K A & Co. 



GreenDiam5»8ern - ;ei ; 04 2 3725358 



# 3 0/ 5 2 



surface on the optical axis. 

X(y,z) = 1/Ry (y 2 + z 2 ) / [1+ [1- (k+1) ■ (y 2 +z 2 ) /Ry 2 ] 1/2 ] 
+LBmny m z n • • • • (7) 

In the equation (7), "Ry" denotes the paraxial radius of curvature 
in the main scanning direction which has been shown in TABLE 
1, "k" denotes a conical constant , and "Bmn" denotes an aspherical 
coefficient of m-th and n-th orders in the main and auxiliary 
scanning directions, respectively. The coefficients of the 
equation (7 ) specifying the particular shape of the first surface 
of the field curvature correction lens 22 of the example 1 will 
be shown in the following Table 3 . 



[0059] TABLE 3 





Bzo 


Bzi 


Bz2 


Bz3 


Bz4 


Byo 




2 . 899E-02 


1 .598E-02 


1 . 519E-05 


-1 . 041E-06 


By2 


2 . 367E-05 


-2 . 543E-07 


-2 . 568E-07 


-1 . 037E-10 


-1 . 323E-10 


By4 


6 . 795E-08 


-7 . 351E-11 


-3 . 067E-12 


-3 . 704E-13 


-2 . 604E-14 


By6 


-2 . 184E- 12 


1 . 035E-14 


8 . 116E-16 


-1 . 143E-17 


0 . OOOE+00 


Bya 


4 . 790E-17 


-5 . 730E-19 


0 . OOOE+00 


0. 000E+00 


0 . OOOE+00 



[0060] Coefficients extracted from the above numerical data 

of the example 1 to be substituted into the condition (1) are 
as follows : 

H = 3.0 mm 

(3 =» 0.0166 rad 

D - -54.0 mm 

Rz x = -184 .70 mm 
Substituting the coefficients into the condition (1) gives 1.5 
> 1.27 (correct), that is, the condition (1) is satisfied in 
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the example 1. 

[0061] Since the condition (1) regarding the first surface 

of the scanning lens 21 is satisfied in the example 1, the ghost 
light caused by the ref lectionon the first surface of the scanning 
lens 21 reaches a reflecting surface of the polygon mirror 13 
with regard to the auxiliary scanning direction, as shown in 
Fig. 4. 

[0062] Meanwhile, coefficients extracted from the above 

numerical data of the example 1 to be substituted into the 
condition (2) are as follows: 

W = 108 mm 

f = 23 5 mm 

P » 8 

D 53 -54.0 mm 

a = -1 .3090 rad 

Ry i = -184.70 mm 
The range of the scan angle "a" for scanning the laser beam within 
the aforementioned scan width 216 mm is: 

-0.46 rad (-26.3°) < a < 0.14 rad (7.9°) 
By substituting the coefficients into the condition (2) , the 
left-hand side gives 108 mm and the right-hand side gives 91.5 
- 108.1 mm (depending on the scan angle "a" in the above range) , 
thus the condition (2) is partially satisfied in the above range 
of the scan angle "a" . 

[0063] Therefore, in the example 1, without the 
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anti -reflection coating on the first surface of the scanning 

lens 21, the ghost light caused by the reflection on the first 

surface enters the adjacent reflecting surface of the polygon 

mirror 13 and is incident on the scanning range on the target 

surface S during one scan of the regular beam. 

[0064] Thus, in the example 1, the first surface of the 

scanning lens 21 is designated as the object of the 

anti -reflection coating, and the surface is provided with the 

anti - reflection coating. 

[0065] [Comparative Example 1] 

[0066] Next, an example that does not satisfy the condition 

(1) will be shown as a comparative example 1 in contrast to the 
example 1. Fig. 5 shows a scanning optical system 10 as the 
comparative example 1 viewed along the auxiliary scanning 
direction, and Fig . 6 shows the scanning opt ical sys tern 1 0 viewed 
along the main scanning direction . In Figs . 5 and 6 , the regular 
beam passing through the scanning lens 21 are not shown. The 
laser light source 11 and the cylindrical lens 12 are omitted 
in Fig. 6 for brevity. 

[0067] In the comparative example 1, the total focal length 

f of the f0 lens 20 is 235 mm, the scan width on the target surface 
S is 216 mm, the design wavelength is 780 run, the polygon width 
H is 3.0 mm, the deflection angle a is -75.0° (= -1.3090 rad) , 
and the incident angle P of the laser beam on the reflecting 
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surface of the polygon mirror 13 in the auxiliary scanning 
direction is 2.83° (= 0.0494 rad) . 

[0068] Table 4 shows numerical data of surfaces existing on 
the optical path from the cylindrical lens 12 to the scan target 
surface S in the comparative example 1. The meanings of the 
characters shown in Table 4 are the same as those in Table 1. 



[0069] TABLE 4 



NO 


Ry 


Rz 


d 


N{780nm) 


DECZ 


Name 


1 


oo 


+ 51 .08 


4 . 00 


1 .51072 


0 . 00 


Cylindrical lens 


2 


oo 




97 .00 








3 


oo 




54 .00 




0 . 00 


Polygon mirror 


4 


-184 .70 




10 . 00 


1 .48617 


0 . 00 


1st Surface of 
Scanning Lens 


5 


-70. 53 


-100 . 00 


140 . 00 






2nd Surface of 
Scanning Lens 


6 


-850 . 00 




6 . 00 


1 .48617 


9 . 00 


1st Surface of Field 
Curvature 
Correction Lens 


7 


-1800 . 00 




91 . 00 






2nd Surface of Field 
Curvature 
Correction Lens 


8 


oo 








0 . 00 


Image Plane 



[0070] As seen in TABLE 4, the cylindrical lens 12 has a 

cylindrical front surface and a planar rear surface. The first 
surface of the scanning lens 21 and the second surface of the 
image surface curvature correction lens 22 are rotationally 
symmetrical . 

[0071] The second surface of the scanning lens 21 is an 
anamorphic aspherical surface. The coefficients of the 
equations (5) and (6) specifying the particular shape of the 
second surface of the scanning lens 21 of the comparative example 
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1 will be shown in the following TABLE 5. 



[0072] TABLE 5 



K 


0 . 00E+O0 


AMi 


0 . 00E+00 


ASi 


8 . 16E-06 


AM 2 


0 . OOE+00 


AS 2 


5 .73E-07 


AM 3 


0 . 00E+00 


AS 3 


-1 . 80E-08 


AM 4 


1 . 24E-07 


AS 4 


-7 . 26E-09 


AM 5 


0 . OOE+00 


AS 5 


5 . 25E-11 


AM 6 


-9 . 74E-12 


AS 6 


1 . 02E-11 


AM 7 


0 . OOE+00 


AS 7 


-3 . 63E-14 


AM 8 


6 . 78E-15 


AS e 


-5 . 24E-15 



[0073] The first surface of the field curvature correction 

lens 22 is a two dimensional polynomial aspherical surface. The 
coefficients of the equation (7) specifying the part icular shape 
of the first surface of the image surface curvature correction 
lens 22 of the comparative example 1 will be shown in the following 
TABLE 6 . 



[0074] TABLE 6 





Bzo 


Bzi 


Bz2 


Bz3 


Bz4 


Byo 




8 . 662E-02 


1 . 589E-02 


-3 . 156E-06 


-1 .767E-06 


By2 


4 . 490E-06 


-7 . 494E-07 


-2 . 523E-07 


-3 . 649E-10 


-1.966E-10 


By4 


5 . 456E-08 


-2 . 099E-10 


-3 . 131E-12 


1 .723E-14 


-3 . 394E-14 


B Y 6 


6 . 314E-13 


2 . 856E-14 


8 . 730E-16 


-1 .216E-16 


0 . OOOE+OO 


Byb 


-1 . 455E-16 


-1 . 547E-18 


0 . OOOE+OO 


0 . 0O0E+0O 


0 . OOOE+00 



[0075] Coefficients extracted from the above numerical data 

of the comparative example 1 to be substituted into the condition 
(1) are as follows: 

H = 3.0 mm 

(3 = 0.0494 rad 

D = -54.0 mm 
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RZi ° -184.70 mm 
Substituting the coefficients into the condition (1) gives 1.5 
>3.78 (incorrect), that is, the condition (1) is not satisfied 
in the comparative example 1 . 

[0076] Since the condition (1) regarding the first surface 

of the scanning lens 21 is not satisfied in the comparative example 
1, the ghost light from the first surface of the scanning lens 
21 passes above the polygon mirror 13 and reaches none of its 
reflecting surfaces as shown in Figs. 5 and 6. The ghost light 
does not reenter the scanning lens 21 and no ghost is caused 
on the scan target surface S. Therefore, the first surface of 
the scanning lens 21 is not designated as the object of the 
anti-reflection coating and thereby costs for the 
anti-reflection coating can be saved. 

[0077] [Embodiment 2] 

[0078] In the following, a manufacturing method of the 

scanning optical system 10 in accordance with a second embodiment 
of the present invention will be described in detail. In the 
second embodiment, there will be explained a method for 
determining whether or not the second surface of the scanning 
lens 21 forming the f6 lens 20 should be provided with the 
anti-reflection coating. The reflection on the second surface 
is internal reflection in the scanning lens 21, thus a beam 
constituting the ghost light is refracted by the first surface 
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twice and travels through the medium of the scanning lens 21 
twice during its back- and- for th propagation. Therefore, a 
condition regarding the auxiliary scanning direction by which 
it is determined whether the anti - reflection coating becomes 
necessary to the second surface (that is, a condition by which 
it is determined whether the ghost light from the second surface 
reaches a reflecting surface of the polygon mirror 13 with regard 
to the auxiliary scanning direction) and a condition regarding 
the main scanning direction by which it is determined whether 
the anti - reflection coating becomes necessary to the second 
surface (that is, a condition by which it is determined whether 
the ghost light from the second surface is reflected by the 
adjacent reflecting surface of the polygon mirror 13 and reaches 
the scanning range on the scan target surface S with regard to 
the main scanning direction) can be obtained by modifying the 
aforementioned conditions (1) and (2) of the first embodiment 
in consideration of the effects of the first surface and the 
medium of the scanning lens 21 , by which the following conditions 
(3) and (4) are obtained. Only when both of the conditions (3) 
and (4) are satisfied, the second surface of the scanning lens 
21 is designated as the object of the anti -reflection coating. 

H/2 > | PD (D-Lz) /L2 I • • • - (3) 
where Lz = RZ1RZ2D/ (2NRZiD-2 (N-l) RZ2D-RZ1RZ2) 

I W I < f [(47T/P) -cc+ (a(Ly-D) /Ly)] (4) 

where, |a| < W/f, Ly = RyiRy 2 D/ (2NRy x D- 2 (N- 1) Ry 2 D-RyiRy 2 ) . 
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In the conditions (3) and (4) , the same symbols as those of the 
conditions (1) and (2) have the same meanings as those of the 
conditions (1) and (2) . The character "Rz 2 " denotes the radius 
of curvature of the second surface of the scanning lens 21 in 
the auxiliary scanning cross section, "Ry 2 " denotes the radius 
of curvature of the second surface in the main scanning cross 
section, and " N " denotes the refractive index of the medium of 
the scanning lens 21 with respect to the working wavelength 
(wavelength of the laser beam) . 

[0079] In the following, an example (example 2) of the 

scanning optical system 10 according to the second embodiment 
of the present invention, satisfying the above conditions (3) 
and (4), will be described. 

[0080] [Example 2] 

[0081] Fig. 7 shows the scanning optical system 10 of the 

example 2 viewed along the auxiliary scanning direction and Fig. 
8 shows a the scanning optical system 10 viewed along the main 
scanning direction . In Figs . 7 and 8 , the regular beam passing 
through the scanning lens 21 are not shown, and the laser light 
source 11 and the cylindrical lens 12 are omitted in Fig. 8 for 
brevi ty . 

[0082] In the example 2, the total focal length f of the f0 

lens 20 is 200 mm, the scan width on the scan target surface 
S is 216 mm, the design wavelength is 7 80 nm, the polygon width 
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H is 4.0 mm, the deflection angle a is -65.0° (= -1.1345 rad) , 
and the incident angle P of the laser beam on the reflecting 
surface of the polygon mirror 13 in the auxiliary scanning 
direction is 2.83° {= 0.0494 rad). 

[0083] TABLE 7 shows numerical data of surfaces existing on 
the optical path from the cylindrical lens 12 to the target surface 
S in the example 2 . The meanings of the symbols shown in TABLE 
7 are the same as those in Table 1. 



[0084] TABLE 7 



No 


Ry 


Rz 


d 


N ( 7 8 Onm) 


DECZ 


Name 


1 


oo 


+51 . 08 


4 . 00 


1 . 51072 


0 . 00 


Cylindrical lens 


2 


oo 




97 . 00 








3 


oo 




42 . 00 




0 . 00 


Polygon mirror 


4 


-185 . 60 




10 . 00 


1 .48617 


0 . 00 


1st Surface of 
Scanning Lens 


5 


-63.00 


-100 . 00 


112 . 50 






2nd Surface of 
Scanning Lens 


6 


-600 .00 




5 .00 


1 .48617 


7 .00 


1st Surface of Field 
Curvature 
Correction Lens 


7 


-1800 . 00 




82 . 53 






2nd Surface of Field 
Curva ture 
Correction Lens 


8 


oo 








0 . 00 


Image Plane 



[0085] As seen in TABLE 7, the cylindrical lens 12 has a 
cylindrical front surface and a plane rear surface. The first 
surface of the scanning lens 21 and the second surface of the 
field curvature correction lens 22 are rotational ly symmetrical . 
[0086] The second surface of the scanning lens 21 is an 
anamorphic aspherical surface. The coefficients of the 
equations (5) and (6) specifying the particular shape of the 
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second surface of the scanning lens 21 of the example 2 will 
be shown in the following TABLE 8 . 



[0087] TABLE 8 



K 


0 . OOE+00 


AM X 


0 . OOE+00 


ASi 


1 . 11E-05 


AM 2 


0 . OOE+00 


AS 2 


2 . 23E-06 


AM 3 


0 . OOE+00 


AS 3 


1 . 89E-08 


AM* 


2 . 19E-07 


AS 4 


-8 .32E-09 


AM 5 


0 . OOE+00 


AS 5 


-1 . 51E-11 


AM 6 


-1 . 92E-12 


AS 6 


2 .49E-12 


AM 7 


0 . 00E+00 


AS 7 


0 . OOE+00 


AM Q 


1 . 38E-15 


AS 8 


0 . OOE+00 


AM 9 


0 . 00E+00 


AS 9 


0 .OOE+00 


AM 10 


-3 . 29E-18 


AS 10 


0 . OOE+00 



[0088] The first surface of the field curvature correction 

lens 22 is a two dimensional polynomial aspherical surface. The 
coefficients of the equation (7) specifying the par ticular shape 
of the first surface of the image surface curvature correction 
lens 22 of the example 2 will be shown in the following TABLE 



[008 9] TABLE 9 





Bzo 


Bzi 


Bz2 


B Z 3 


Bz4 


Byo 




8 . 484E-02 


1. 853E-02 


1 . 100E-05 


-1 . 370E-06 


By2 


1 . 018E-05 


-9 . 633E-07 


-4 . 347E-07 


-3 . 826E-09 


-1 . 378E-10 


By4 


1 . 095E-07 


-3 . 323E-10 


-2 . 867E-12 


-5 . 060E-14 


-2 . 603E-14 


By6 


-3 . 913E-12 


3 . 286E-14 


1 . 368E-15 


-8 . 914E-17 


0 . 000E+00 


B Y 8 


3 . 966E-16 


-9 . 911E-19 


0 . 000E+00 


0 . OOOE+00 


0 . OOOE+00 



[0090] Coefficients extracted from the above numerical data 

of the example 2 to be substituted into the condition (3) are 
as follows: 

H = 4.0 mm 
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P = 0.0494 rad 

D = -42.0 mm 

N - 1.48617 

Rz x = -185.60 mm 

Rz 2 = -100.00 mm 
Substituting the coefficients into the condition (3) gives 2.0 
> 2.02 (incorrect) , that is, the condition (3) is not satisfied 
in the example 2 . 

[0091] Incidentally, the radii Rz of curvatures of the first 

and second surfaces of the scanning lens 21 in the auxiliary- 
scanning direction which are shown in TABLE 7 are paraxial radii 
of curvatures, that is, the radii of curvatures for a laser beam 
that forms a spot on the target surface S at a position 
corresponding to an image height Y - 0 mm; however, the condition 
(3) may be satisfied at any position within the scan width. For 
example, the radius Rz 2 of curvature of the second surface of 
the scanning lens 21 in the auxiliary scanning direction for 
a laser beam that forms a spot on the target surfaceSata posi ti on 
corresponding to an image height Y-61.5 mm is calculated as: 
Rz 2 = -90.69 mm. 

In another example, when the image height Y = 110 mm, the 
radius Rz2 is calculated as: 
Rz 2 * -79.86 mm 

The first surface of the scanning lens 21 has a constant radius 
of curvature since it is a spherical surface. Substituting the 
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coefficients (in the case of the laser beam forming the spot 
at the position of the image heights Y=61.5 mm and Y = 110 mm, 
respectively) into the condition (3) gives 2.0 > 1.75 (correct) 
and 2.0 > 1.36 (correct), respectively. That is, the condition 
(3) is satisfied also in this case of the image heights Y=61.5 
mm and Y = 110 mm, respectively. 

[0092] Since the condition (3) regarding the first and second 

surfaces of the scanning lens 21 is satisfied in the example 
2 at least at two points substantially within the scanning range 
(Y=61 . 5 mm and Y = 110 mm) , the ghost light caused by the reflection 
on the second surface of the scanning lens 21 reaches a reflecting 
surface of the polygon mirror 13 with regard to the auxiliary 
scanning direction, as shown in Fig. 8. It should be noted that 
Y-110 mm is slightly outside the scanning range, and thus, it 
is ensured that the condition (3) is satisfied within the scanning 
range . 

Meanwhile , coefficients extracted from the above numerical 
data of the example 2 to be substituted into the condition (4) 
are as follows : 

W = 108 mm 

f = 200 mm 

P = 8 

D = -42.0 mm 

N = 1 .48617 

a = -1.1345 rad 
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Ry i = -185.60 mm 
Ry2 - -63.00 nun 

The range of the scan angle "a" for scanning the laser beam within 
the aforementioned scan width 216 mm is: 

-0.54 rad (-30.9°) < a < 0.43 rad (24.8°) 
By substituting the coefficients into the condition (4) , the 
left-hand side gives 108 mm and the right-hand side gives 61.5 
- 107 . 8 mm (depending on the scan angle "a" in the above range) , 
thus the condition (4) is partially satisfied in the above range 
of the scan angle "a" . 

[0093] Therefore, in the example 2, without the 

anti-reflection coating on the second surface of the scanning 
lens 21, the ghost light caused by the reflection on the second 
surface enters the adjacent reflecting surface of the polygon 
mirror 13 and is incident on the scanning range on the target 
surface s during one scan of the regular beam. 
[0094] Thus, in the example 2, the second surface of the 

scanning lens 21 is designated as the object of the 
anti-reflection coating, and the surface is provided with the 
anti- reflection coating . 

[0095] [Comparative Example 2] 

[0096] Next, an example that does not satisfy the condition 

(3) will be shown as a comparative example 2 in contrast to the 
example 2. Fig. 9 shows a scanning optical system 10 as the 
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comparative example 2 viewed along the auxiliary scanning 
air e«ion and Fig. 10 is show, the scanning optical system 10 
viewed along the main scanning direction. In Figs. 9 and 10. 
the regular beam passing through the scanning lens 21 are not 
shown, and the laser light source 11 and the cylindrical lens 
12 are omitted in Fig. 10 for brevity. 

t0 097. in the comparative example 2. the total focal length 
, of the f6 lens 20 is 200 mm. the scan width on the scan target 
surface S is 216 mm. the design wavelength is 780 nm. the polygon 
width H is 4.0 mm. the deflection angle a is -65.0- (- -1 1345 
. and the incident angle « of the laser beam on the reflecting 
surface of the polygon mirror 13 in the auxiliary scanning 
direction is 3.54° (- 0.0617 rad) . 

(0096] TABLE 10 shows numerical data of surfaces existing 

on the optical path from the cylindrical lens 12 to the target 
surface S in the comparative example 2. The meanings of the 
symbols shown in TABLE 10 are the same as those in TABLE 1. 
[0099] TABLE 10 
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8 


oo 








0 . 00 


Image Plane 



[0100] As seen in TABLE 10, the cylindrical lens 12 has a 
cylindrical front surface and a planar rear surface. The first 
surface of the scanning lens 21 and the second surface .of the 
field curvature correction lens 22 have rotational symmetry. 
[0101] The second surface of the scanning lens 21 is an 

anamorphic aspherical surface. The coefficients of the 
equations (5) and (6) specifying the particular shape of the 
second surface of the scanning lens 21 of the comparative example 
2 will be shown in the following TABLE 11. 



[0102] TABLE 11 



K 


0 . 00E+00 


AM X 


0 . 00E+00 


ASi 


8 . 56E-06 


AM 2 


0 . 0OE+00 


AS 2 


-1 . 82E-06 


AM 3 


0 . 00E+00 


AS 3 


-3 . 44E-09 


AM 4 


1 . 88E-07 


AS 4 


-9 . 08E-10 


AM 5 


0 . OOE+00 


AS 5 


4 . 12E-11 


AM s 


-1 . 87E-12 


AS 6 


-3 . 91E-13 


AM 7 


0 . OOE+00 


AS 7 


-3 . 33E-14 


AM a 


1 . 13E-15 


AS 8 


0 . 00E+00 



[0103] The first surface of the field curvature correction 

lens 22 is a two dimensional polynomial aspherical surface . The 
coefficients of the equation (7) speci fying the particular shape 
of the first surface of the field curvature correction lens 22 
of the comparative example 2 will be shown in the following TABLE 
12 . 
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[0104] TABLE 12 





Bzo 


Bzi 


Bz2 


Bz3 . 


Bz4 


B Y 0 




1 . 367E-02 


1 . 809E-02 


5 . 971E-06 


-1 . 710E-06 


By2 


-8 . 984E-05 


-2 .786E-06 


-4 .458E-07 


-2 . 245E-09 


-1 . 799E-10 


B Y 4 


1 . 001E-07 


-2 . 397E-10 


2 . 074E-12 


-3 .682E-14 


-2 . 984E-14 


By6 


-3 .700E-12 


3 . 139E-14 


1 . 141E-15 


-1 .209E-16 


0 . OOOE+00 


By8 


5.485E-17 


-1 . 525E-18 


0 . OOOE+OO 


. O.OOOE+00 


0 . OOOE+00 



[0105] Coefficients extracted from the above numerical data 

of the comparative example 2 to be substituted into the condition 
(3) are as follows: 

H = 4 . 0 mm 

£ = 0.0617 rad 

D - -45.42 mm 

N = 1.48617 

RZi = -185 .60 mm 

Rz 2 =-300. 00 mm 
Substituting the coefficients into the condition (3) gives 2.0 
> 5.01 (incorrect) , that is, the condition (3) is not satisfied 
in the comparative example 2 . 

[0106] Incidentally, the radii Rz of curvatures of the first 
and second surfaces of the scanning lens 21 in the auxiliary 
scanning direction which are shown in Table 10 are paraxial radii 
of curvatures, that is, the radii of curvatures for a laser beam 
that forms a spot on the scan target surface S at a position 
corresponding to an image height Y « 0 mm; however, the condition 
(3) may be satisfied at any position within the scan width. For 
example, the curvature radius Rz 2 of the second surface of the 
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scanning lens 21 in the auxiliary scanning direction for a laser 
beam that forms a spot on the target surface S at a position 
corresponding to an image height Y « 110 mm is calculated as: 

Rz 2 « -212.47 mm 
The first surface of the scanning lens 21 has a constant radius 
of curvature since it is a spherical surface. Substituting the 
coefficients (in the case of the laser beam forming the spot 
at the position of the image height Y - 110 mm) into the condition 
(3) gives 2.0 > 4.49 (incorrect), that is, the condition (3) 
is not satisfied also in this case of the image height Y - 110 
mm . 

[0107] Since the condition (3) regarding the first and second 
surfaces of the scanning lens 21 is not satisfied in the 
comparative example 2, the ghost light from the second surface 
of the scanning lens 21 passes above the polygon mirror 13 and 
reaches none of its reflecting surfaces as shown in Figs. 9 and 
10. The ghost light does not reenter the scanning lens 21 and 
no ghost is caused on the target surface S . Therefore, the second 
surface of the scanning lens 21 is not designated as the object 
of the anti-reflection coating and thereby costs for the 
anti-reflection coating can be saved, 

[0108] As set forth hereinabove, in the manufacturing method 
of the scanning optical system in accordance with the present 
invention, out of lens surfaces of imaging lenses used for the 
scanning optical system, surfaces that can generate and reflect 
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ghost light in harmful directions (with the ghost light reaching 
a reflecting surface of the polygon mirror 13 and reentering 
the imaging lenses) areselected, and the anti -reflection coating 
is provided only to the selected lens surfaces. Therefore, 
manufacturing costs of the scanning optical system can be reduced 
while realizing the reduction of the ghost caused by reflection 
of the laser beam on the lens surfaces . 

[0109] While the present invention has been described with 
reference to the particular illustrative embodiments , it is not 
to be restricted by those embodiments but only by the appended 
claims. It is to be appreciated that those skilled in the art 
can change or modify the embodiments without departing from the 
scope and spirit of the present invention. 

[0110] The present disclosure relates to the subject matter 
contained in Japanese Patent Application No. 2002-240410, 
filed on August 21, 2002, which is expressly incorporated 
herein by reference in its entirety. 
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